Insight into the molecular basis of coagulation proteinase specificity by mutagenesis of the serpin antithrombin.
Specific cleavage of factor V at several P1Arg sites is critical for maintenance of hemostasis. While cleavage by procoagulant proteinases fXa and thrombin activates the cofactor, its cleavage by the anticoagulant proteinase activated protein C (APC) inactivates it. Antithrombin (AT), a specific serpin inhibitor of both thrombin and factor Xa, but not APC, was used as a model system to investigate molecular determinants of APC specificity in the inactivation reaction. Two mutants were prepared in which the P2 or the P3-P3' residues of the reactive site loop of the serpin were replaced with the corresponding residues of the APC cleavage site in factor V spanning residues 504-509 (Asp(504)-Arg-Arg-Gly-Ile-Gln(509)). Kinetic analysis showed that the reactivities of mutants were impaired by approximately 2-3 orders of magnitude with both factor Xa and thrombin, but improved by approximately 2 orders of magnitude with APC. The saturable dependence of the observed first-order rate constants on the concentrations of AT in complex with approximately 70-saccharide high-affinity heparin revealed that changes in the reactivity of the 504-509 mutant with proteinases are primarily due to an effect in the second reaction step in which a noncovalent serpin-proteinase encounter complex is converted to a stable, covalent complex. These results suggest that the P3-P3' residues of the APC cleavage site in factor Va, particularly P2Arg, confer specificity for the anticoagulant proteinase by improving the reactivity of the catalytic pocket with the transition state of the substrate in the second step of the reaction.